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» I ■ We carefully investigate the reliability of the propagator Pole Approximation, 

' i.e. the approximation of retaining only the propagator poles in the evaluation 

of the Mandelstam covariant expression for the electromagnetic current of the 
pion. Different frames are analyzed, in order to find the most suitable one 
for calculating the pion form factor within the proposed approximation. It 
turns out that the approximation is more accurate in the frame where 5+ is 
maximal. The relevance of the Pole Approximation is briefly discussed in view 
of calculations of hadron form factors based on wave functions generated by 
dynamical models. 
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1. Introduction 

Light-front field theory starts with the paper by Dirac in f 949, when he pro- 
posed different forms to describe relativistic systems . After Dirac, Light- 
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front field theory was applied to calculated many process in relativistic 
nuclear physics and particle physics (see the reviews by Brodsky, Pinsky, 
Pauli 2 and Harindranath 3 for details). In parallel, the description of the 
electromagnetic properties of hadronic systems within the light-front dy- 
namics framework, based on the introduction of a valence bound state wave 
function, has found some success 4-9 . In the light-front dynamics the bound 
state wave functions are defined on the hyper-surface x + = x° + x 3 = 0. 
These wave functions are covariant under kincmatical front-form boosts, 
due to the stability of Fock-state decomposition under these boosts 10 ' n . 

In recent works, (see, e.g., 12, 13), a third path for evaluating hadron 
electromagnetic (em) form factors has been proposed. The Mandelstam 
covariant expression for the matrix elements of the current has been calcu- 
lated replacing the quark-hadron vertex function in the valence range by a 
hadron wave function obtained in a dynamical model, able to reproduce the 
energy spectrum. In those works the analytical structure of quark-hadron 
vertex function has been neglected, retaining only the poles from the con- 
stituent propagators. In this contribution we will study the reliability of 
such an approximation within an analytic, covariant model for the pion em 
form factor 14 . 



2. Electromagnetic Pion Form Factor 

In general, the pion em form factor is given by 



P^F^q 2 ) = (n(j/)\J»\„(p)), 



(1) 



where P = p+p', q = p' — p and is the electromagnetic current operator. 
It is expressed in terms of the quark fields qf and charge e/ (/is the flavor 
of the quark field): J M = J2f e fQflti1f- 

In the impulse approximation the em form factor is given by: 



P^F^q 2 ) 



I 



d 4 k 



-Tr 



j 5 S(k - p')^S{k - ph 5 S(k) r{k,p')T{k,p) (2) 



where T(k,p) is the pion-quark vertex function. Here, we will show cal- 
culations for a vertex function with a symmetric form, previously used in 
Ref. 14: 



T(k,p) 



N 



N 



(k 2 — m 2 R + le) ((p — k) 2 — m 2 R + le) 



(3) 
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The pion em form factor is extracted from the J+ current using Eq. (2): 

2 N c m 2 f dk-dk+d 2 k ± T(k,p')T(k,p) 

Aq > f 2 (p++p'+)J 2(2rr)4 k+{k - _ h^l) U 



Tr 



l( P + k+)( P - -k-- ^Ewf)(p'+ k+)( P >- -k-- t^E^j . 

where, fi = k 2 _ + m 2 , f 2 = (p — k)\ + m 2 and f 3 = (p' - k)\ + m 2 . The 
k + momentum integration has two contributions: (i) < k + < p + and 
(ii) p + < k + < p' + , where p' + = p + + q + . The first interval (i) in the k + 
integration includes the contribution of the valence component of the wave 
function and the second one (ii) corresponds to the contribution of the pair 
term 17 . 

The pion valence wave function for the symmetric vertex is given by 14 : 

t(*M50 r 



(1 - x){ml - M 2 {m 2 ,m 2 R )) x(ml - M 2 {m 2 Rl to 2 )) 



ml - Ml ' 

where x = k + /p + is the fraction of the momentum carried by the quark. 
The function M is defined as 

M 2 (m 2 ,m 2 R ) = fc ' + m ' + (P ~ ^ ^ + ^ -p\ . (5) 

The free square mass of the quark-antiquark system is Mq = M 2 (m 2 ,to 2 ) 
and the normalization constant N is found from the condition ^(0) = 1. 

The parameters of the model are the quark mass m q = 0.220 GeV, the 
regulator to# = 0.60 GeV mass and the experimental pion mass to^ = 
0.140 GeV 14 . Our choice of the regulator mass value fits the pion decay 
constant = 92.4 MeV. 



3. Propagator Pole Approximation 

Taking into account only the poles coming from the quark propagators in 
Eq. (5), the pion cm form factor is calculated from: i) the residue of the 
pole of the spectator quark on- minus-shell (valence contribution), and ii) a 
contribution coming from the pair production mechanism (non-valence con- 
tribution). The pole approximation (PA) is compared with the full result 
in different reference frames, labeled by different values of the plus com- 
ponent of the momentum transfer. In order to accomplish the freedom of 
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changing the frames, let us parametrize the momentum transfer as follows: 
q + = —q~ = \/—q 2 sin a, q x = \] — q 2 cos a and q y = 0. 

The poles in the k~ integration contributing to the pion em current in 
the triangle diagram from the quark propagators, in the PA, correspond to 
two intervals in the k + integration: the first is (i) < k + < p + and in this 
case, the pole is fcf = (k\ + m 2 /k + (valence region) and, the second one 
is (ii) p + < k + < p' + , and we consider the pole = p~ — (p' — k) 2 ^ + 
m 2 )/{p l+ — k + ) (pair term region). 

The em pion form factor within the PA is given by 



F^(q 2 )=F^(q 2 )\ k -+F^(q 2 )\ k -. (6) 

In the PA, the contributions coming from the poles of the quark-pion vertex 
are neglected. We have used three values of a = 0° (Drcll-Yan condition, 
q+ = 0), 45° and 90°. 

In particular, the cm form factor in the Drell-Yan frame reduces to the 



February 7, 2008 11:4 



WSPC - Proceedings Trim Size: 9in x 6in ws-procs*demclo 



5 



valence contribution, namely 

e A V) = W)l fe - 



m 2 N r 



d 2 k t 



dx 



p+f 2 J 2(2rr) 
^* f (x,k±)^i(x,k±) 



— I — 2 i +2 



7) 



x(l — x) 2 

where k~ n = k\ + m 2 /k + . 

In Figs. 1, 2 and 3, the pion form factor calculated within the PA for a = 
0, 45° and 90°, respectively, is presented. Results obtained considering both 
the valence contribution only {F¥\q 2 )\ k -) and valence plus nonvalence 
contributions, Eq. (6), are shown. The comparison with the exact result, Eq. 
(5), indicates that in the Drell-Yan frame PA works very badly, while in the 
frame where the momentum transfer has no transverse components at all 
PA appears remarkably effective, in particular at high momentum transfer. 
In this kinematical region, the pair production mechanism dominates, that 
can be related to the absorption of a qq pair by a single constituent, that 
has a given longitudinal-momentum distribution. 




Q 2 =-q 2 [GeV/cr 



Fig. 2. Pion electromagnetic form factor vs Q 2 = —q 2 for a = 45°. Lower solid curve: 
full calculation. Upper solid curve: valence contribution in Pole Approximation. Dashed 
curve: valence + nonvalence contribution in Pole Approximation. Experimental data 
from the compilation of Baldini et al. [18] 
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Q 2 =-q 2 [GeV/c] 2 

Fig. 3. Pion electromagnetic form factor vs Q 2 = ~q 2 for a = 90°. Upper solid curve: 
full calculation. Lower solid curve: valence contribution in Pole Approximation. Dashed 
curve: valence + nonvalence contribution in Pole Approximation. Experimental data 
from the compilation of Baldini et al. [18] 

4. Conclusions 

The pion em form factor is calculated for q 2 up to 10 [GeV/c] 2 with the 
covariant symmetric model for the quark- pion vertex 14 . The exact calcu- 
lation is compared with an approximate evaluation of the form factor in 
frames with different values of q + . In the propagator Pole Approximation, 
investigated in this contribution, only the poles originated by the quark 
propagators are taken into account, while the poles of the quark- hadron 
vertex are disregarded in the analytical integration over the light-front en- 
ergy. We found that in the frame where q + is maximal and the pair term 
dominates, the approximation is able do describe qualitatively well the ex- 
act results. 
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